
Defining the Critical Period                                                                                                                        _  

Intra-annual variability 

The Budd Inlet model runs from Jan 25th to September 15th.  This is how the model was originally 
configured as part of the Budd Inlet Scientific Study (BISS) completed by LOTT in 1997. Since the 
model covers the critical season (August and early September), Ecology has not extended the model to 
cover the Sep 16 - Jan 24 time gap. To substantiate this we’ve done the following analysis.  

First, we used data from Ecology’s Long Term Marine Water Quality Monitoring Program. We extracted 
data from station BUD002 and BUD005 in Budd Inlet, shown in the map below. Data was available for 
station 5 each year between 1989 and 2016 and station 2 had data from 1989, 1990, 1994-1999, 2002, and 
2014. Samples were taken every 0.5 meters, twice monthly. In our analysis we filtered out samples five 
meters and above, in order to focus on lower depths where DO is likely to be lowest. 

 
 

Figure 1. Location of Marine Water Sampling Stations in Budd Inlet, used for data analysis. 

Figures 2 and 3 show the available data plotted in a monthly time series. As can be seen in the plots 
below, DO reaches its lowest point in early August (at station 5) and in early September (station 2). The 
three months with lowest DO are July, August, and September at both stations.  

http://www.ecy.wa.gov/programs/eap/mar_wat/data.html


 

Figure 2. Dissolved oxygen at station 5 in Budd Inlet. Source: Washington State Marine Water Monitoring Program. 



 

Figure 3. Dissolved oxygen at station 2 in Budd Inlet. Source: Washington State Marine Water Monitoring Program. Commented [ZC1]: Station 2 is lower – in 1997 the 
critical year? 



Additionally, we used the Salish Sea Model to predict DO in East Bay. We used data for point 8805 of 
the Salish Sea Model, shown below. Only data from the bottom most layer of the water column was used.  

 

Figure 4. Location of predicted Budd Inlet DO values from the Salish Sea Model. 

As shown in Figure 5, the Salish Sea Model indicates that in 2006 the annual minimum DO occurs in 
early September, before rising throughout October. In 2008 the annual minimum DO occurs in mid to late 
September, and again rises in October (Figure 6).  

We also ran the Salish Sea Model without the presence of Capitol Lake. For this run we used 2006 
conditions for all inputs except we replaced the water quality from Capitol Lake with water quality from 
the Deschutes River. Figure 7 shows that the same seasonal patter occurs in the “no lake mode run”, with 
the lowest DO values occurring in early September.  

 



 

 

Figure 5. Dissolved oxygen at model point 8805 in Budd Inlet in 2006. Source: Salish Sea DO Model. 
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Figure 6. Dissolved oxygen at model point 8805 in Budd Inlet in 2008. Source: Salish Sea DO Model. 

 

 

 

 

 



 

 

Figure 7. Dissolved oxygen at model point 8805 in Budd Inlet in 2006 with Capitol Lake removed. Source: Salish Sea DO Model. 



Finally, we ran the GEMSS Budd Inlet Model under existing conditions with and without the Lake in 
place. We used data from cell 31 in East Bay, shown below (Figure 8). Seasonal patterns were maintained 
across modeled scenarios, as shown in Figure 9 with the lowest values occurring in early September. 

 

 

Figure 8. Location of predicted Budd Inlet DO values (cell 31) from the GEMSS Model. 

 

 

Cell 31 



 

Figure 9. Dissolved oxygen at cell 31 in Budd Inlet under various conditions. Source: GEMSS Budd Inlet Model.



All of our data, historic and predicted via the Salish Sea and GEMSS models, indicates that minimum DO 
occurs in September and begins to steadily rise in October. 

While the worst DO is in August and September during the time the model runs, all TMDL allocations 
will include at least April through October and the vast majority of allocations created for the Budd Inlet 
TMDL will be annual (by annual we mean that the same allocation will need to be met year round). 
Annual allocations will include DES, nonpoint sources, stormwater, and the external aggregated 
allocation that will be divided as part of the larger Puget Sound Nutrient Source Reduction Project.  

Methods for addressing dissolved oxygen depletion caused by nonpoint, stormwater, and DES are more 
likely best suited for permanent (year round) implementation. The specifics of these allocations will be 
determined as we complete and implement the TMDL. Seasonal allocations could be an option if they are 
shown to protect water quality in a manner that is equivalent or better than annual allocations.  

Determining the specifics of the external aggregate allocation will occur after the TMDL is completed 
through the Puget Sound Nutrient Source Reduction Project. The TMDL will set aggregate annual 
reductions that will need to be complied with, however, more specific seasonal allocations may also be 
created in the larger Puget Sound project.  

LOTT’s allocation will vary by month. LOTT has the ability to move between treatment methods by 
modifying their operations, making monthly allocations a viable option. LOTT already has variable 
monthly effluent limits (338 pounds TIN per day April, May, and October and 288 pounds per day June – 
September) which the TMDL will maintain. Additional reductions may be required; we are currently 
considering various reduced discharges in August and September. Our modeling has shown that 
wintertime discharges from LOTT have little carry over effect into the summer months when DO is at its 
lowest.  Conversations with LOTT have indicated that wintertime reductions are much harder to meet due 
to increased runoff and that reductions in the drier summer months are more feasible. Finally, since LOTT 
is such a small contributor towards DO depletion in Budd Inlet we feel it is appropriate to focus their 
efforts during the critical period.  

Inter-annual Variability  

The GEMSS model utilizes data from 1997 and thus our allocations will ensure that water quality 
standards can be met in similar or better conditions. Data taken from Long Term Marine Water Quality 
Monitoring Program  at Station 005 (see Figure 1) indicates that 1997 had the second lowest dissolved 
oxygen in the last 25 years. (Figure 10). As shown in Figure 11, some of the lowest values recorded at 
station 5 were taken during September of 1997 indicating that this is indeed the critical year. We feel this 
provides substantial evidence that our TMDL allocations are supportive of the water quality standards 
under all likely conditions. 

 

http://www.ecy.wa.gov/programs/eap/mar_wat/data.html
http://www.ecy.wa.gov/programs/eap/mar_wat/data.html


 
Figure 10. Average minimum DO at Station 5, 1990 - 2015 
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Figure 11. Average DO below 5 meters, in 1997 and other years by month at Station 5. 
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